The formation of superconducting YBa 2 Cu 3 O 7−x (Y123) by in situ pulsed laser deposition from a stoichiometric Y123 target typically requires an oxygen-ambient environment (P ∼ 100-300-mtorr O 2 ) and appropriate substrate temperature during deposition. We have found that pulsed laser deposition from a Y123 target in vacuo onto a (001) LaAlO 3 substrate favors the formation of Y 2 O 3 . We observed that the Y 2 O 3 (001) films yield three-dimensional nanoscale morphologies that are markedly different from the planar growth surface of conventional superconducting c-axis Y123 films and Y 2 O 3 films formed from the pulsed laser ablation of a Y 2 O 3 target.
I. INTRODUCTION
The formation of nanostructures has received increasing attention in recent years as the scale at which devices are being designed and produced is continually pushing the limits of miniaturization. Nanotechnology in the world of electronic materials and devices is a particularly active field of research because of the tremendous potential for unleashing new technologies. Techniques for the self-assembly of nanostructures are particularly valuable as they enable the production of arrays of nanoscale objects without having to directly manipulate the process at the nanoscale. Instead, they rely upon processes that are phenomenological in nature, thereby greatly simplifying fabrication. 1, 2 In this paper, we describe a simple method for the production of nanoscale tips by the pulsed laser ablation of a stoichiometric target of high-temperature superconductor YBa 2 Cu 3 O 7−x (Y123). It is well known that conventional superconducting c-axis Y123 grows initially by an island-nucleation mechanism, which gives way to a layer-by-layer growth mechanism that persists up to a certain thickness. Experiments have shown that layer-by-layer growth takes place when the film thickness is between 3 and 10 nm. The result is that films with thickness within the layer-by-layer growth regime exhibit a generally flat surface morphology, provided that the growth conditions are optimized. [3] [4] [5] [6] Factors that may affect surface morphology include substrate surface roughness, film-substrate lattice mismatch, and deposition conditions. 7 We have found that the pulsed laser deposition (PLD) growth of thin films (<50 nm) from a stoichiometric Y123 target in vacuo yields a periodic array of Y 2 O 3 . We have exploited this property to demonstrate the feasibility of producing Y123 target-derived nanostructures in conjunction with standard superconducting c-axis Y123, via a simple processing methodology. Nanotip arrays are found in applications including thin cathode-ray tubes 8, 9 and imaging sensors. 10 Potential applications of the Y 2 O 3 nanostructures for superconductivity may include acting as flux-pinning sites. 11, 12 
II. EXPERIMENTAL
Films were grown on pseudocubic (100) oriented LaAlO 3 (LAO) substrates obtained from Lucent Technologies, which were ultrasonically cleaned in acetone and dried with nitrogen before each film was grown. Ablation was performed using a XeCl excimer laser ( ‫ס‬ 308 nm, energy density ‫ס‬ 2 J/cm 2 , targetsubstrate distance ‫ס‬ 4.5 cm). All of our depositions were carried out with the substrate at 780°C. Before each deposition was carried out, the stoichiometric Y123 a) e-mail: djan@lanl.gov b) e-mail: qxjia@lanl.gov target surface was sanded and preablated in vacuo with the laser pulse rate set at 5 Hz for 1 min (three full rotations of the target).
Nanotip Y 2 O 3 film layers were deposited in vacuo at a base pressure of 10 −5 torr from the stoichiometric Y123 target at 0.5-Hz pulse rate, and the samples subsequently were naturally cooled in vacuo. Conventional superconducting c-axis Y123 film layers were deposited under 200 mtorr of oxygen using the stoichiometric Y123 target at 0. Samples for electrical property measurements were prepared using photolithography to produce microbridge patterns with dimensions 2.0 mm in length by 250-m wide. The superconducting transition temperature (T c ) was measured by ac susceptibility, and critical current density (J c ) and resistance versus temperature (R-T ) curves were obtained by the four-point probe method. X-ray diffraction (XRD) patterns were acquired on a Siemens four-circle diffractometer. Scanning tunneling microscope (STM) images were obtained on a Digital Instruments Nanoscope III. The samples for transmission electron microscopy (TEM) were prepared by standard cutting, mechanical polishing, dimpling, and ion milling. High-resolution transmission electron microscopy (HRTEM) studies were performed on a JEOL 4000 EX electron microscope operated at 400 kV, and analytical studies were conducted on a JEOL 2010F TEM/ STEM operated at 200 kV, which is equipped with an x-ray energy dispersive spectrometer (EDS) and Gatan imaging filter. Rutherford backscattering spectrometery (RBS) was performed using a 2-MeV He + ion beam with the backscattering angle fixed at 167°, with detector solid angle approximately 2.5 msr, for a charge of 24 C. The measurements for RBS were taken along a channeling axis in order to reduce the backscattered yield from the high-Z La substrate signal.
III. RESULTS AND DISCUSSION

A. Y 2 O 3 and Y123 films
The conditions for depositing epitaxial Y123 by PLD are well established. It has also been established that thin films beyond a thickness of approximately 3-10 nm 3 -6 but less than about 1 m 13 exhibit a generally smooth surface morphology. STM and atomic force microscopy (AFM) imaging for a 20-nm Y123 film grown under conventional conditions, as described above, showed that the film surface was flat. The T c of this very thin film was measured to be 86 K with a transition width of ⌬T c ∼ 1 K, and XRD confirmed that we only have c-axisoriented Y123 by the lone presence of (00l) peaks. The R-T measurement showed standard superconducting behavior with zero resistance at 86 K.
Unlike the smooth morphology obtained from conventional Y123, Fig. 1 shows a 20-nm Y 2 O 3 film, which exhibits a periodic nanotip morphology that was also confirmed by AFM and TEM.
14 The 20-nm Y 2 O 3 film was grown from the same Y123 target used to make the conventional 20-nm Y123 film, but the deposition was carried out in vacuo rather than in 200-mtorr O 2 . . These results will be described in more detail in a future publication. 
RBS of the film showed the Cu deficiency. At this time, we are unable to explain satisfactorily the absence of Ba and Cu in the nanotip films deposited from a stoichiometric Y123 target nor why the films possess a nanostructured morphology. A possible explanation for the lack of Cu in the nanotips may lie in the evaporation of CuO due to the decreased pressure during the deposition process. Of the three oxides Y 2 O 3 , BaO, and CuO, the latter has the lowest vapor pressure. The morphology of the Y 2 O 3 nanotips may be due to film-substrate strain during the growth of the film. The Ba may exist in a monodispersed, polycrystalline with small grains or highly disordered form as an oxide between the Y 2 O 3 nanotips. Further studies are being conducted to elucidate the mechanism. appears to remain flat, filling in the spaces between the 20-nm Y 2 O 3 nanotips. In doing so, the Y123 maintains its superconducting properties (possesses a T c ) by epitaxially growing in a c-axis orientation on the LAO substrate. This bilayer film had a T c of 84 K with ⌬T c ∼ 1.5 K. XRD confirmed that we have both Y123 (00l) peaks and Y 2 O 3 (00l) peaks. Composition analysis by EDS confirmed that the tips are Y 2 O 3 and that the continuous phase between the tips is Y123. 14 The J c for this sample could not be measured, which would indicate that the Y123 film is likely to be discontinuous on a macroscopic scale because it is so thin (approximately 10 nm). Growing thicker (50 nm and greater) Y123 layers on top of Y 2 O 3 nanotip layers yields superconducting films with essentially unaffected standard Y123 properties (T c ∼ 92 K, J c ∼ 10 6 A/cm 2 at 77 K).
IV. CONCLUSION
The PLD of a stoichiometric Y123 
